Antagonists of growth hormone-releasing hormone (GH-RH) inhibit the growth of various tumors through mechanisms that involve the suppression of the insulin-like growth factor I and͞or insulin-like growth factor II levels or secretion. In the present study, we tested the hypothesis that the tumor inhibition is associated with a decrease in telomerase activity because telomerase is considered obligatory for continued tumor growth. Nude mice bearing xenografts of U-87MG human glioblastomas were treated with GH-RH antagonist MZ-5-156. Telomerase activity was assessed by the telomerase repeat amplification protocol. Treatment with MZ-5-156 reduced levels of telomerase activity as compared with controls. When U-87 glioblastomas, H-69 small cell lung carcinomas, H-23 non-small cell lung carcinomas, and MDA-MB-468 breast carcinoma cells were cultured in vitro, addition of 3 M MZ-5-156 also inhibited telomerase activity. Reverse transcription-PCR analysis revealed that in U-87MG glioblastomas, the expression of the hTRT gene encoding for the telomerase catalytic subunit was significantly decreased by MZ-5-156, whereas the levels of mRNA for hTR and TP1, which encode for the telomerase RNA and telomerase-associated protein, respectively, were unaffected. The repression of the telomerase activity was not accompanied by a significant decrease of mRNA level for the c-myc protooncogene that regulates telomerase. Our findings suggest that tumor inhibition induced by the GH-RH antagonists in U-87MG glioblastomas is associated with the downregulation of the hTRT gene, resulting in a decrease in telomerase activity. Further studies are needed to establish whether GH-RH antagonists produce telomerase inhibition in other tumors.
Growth hormone-releasing hormone (GH-RH) is secreted by the hypothalamus and through specific GH-RH receptors in the anterior pituitary stimulates the secretion of the GH (1) . In addition to its physiological role in regulating GH release, GH-RH may play a role in the development of some neoplasms (2, 3) . It has been demonstrated that GH-RH antagonists MZ-4-71 and MZ-5-156, synthesized in our laboratory, inhibit the proliferation of various experimental human and animal tumors in vivo and in vitro (4) (5) (6) (7) (8) (9) (10) . Thus, GH-RH antagonists suppress growth of androgen-independent human DU-145 and PC-3 and rat Dunning R-3327-AT-1 prostate cancers (5, 7), H-69 small cell lung carcinomas (SCLC) and H-157 non-SCLC (6), CAKI-1 renal adenocarcinomas (8) , SK-ES-1 and MNNG-HOS osteosarcomas (9) , and other cancers (4) . GH-RH antagonists appear to inhibit the growth of cancers through indirect or direct pathways. The indirect mechanism operate through a suppression of the GH release from the pituitary and the resulting inhibition of the hepatic production of insulin-like growth factor (IGF) I (4, 7) . In addition, a significant reduction in concentrations of IGF-I and͞or IGF-II produced in osteosarcomas, renal cancers, and prostatic tumors as well as in non-SCLCs after treatment of nude mice with MZ-4-71 or MZ-5-156, points to a likely direct effect of GH-RH antagonists on tumors (5) (6) (7) (8) (9) . A strong suppression of IGF-II mRNA expression in DU-145 tumors after treatment with MZ-5-156 supports this concept (7) . In vitro studies also demonstrate that GH-RH antagonists cause a direct inhibition of growth, IGF-II production, and expression of IGF-II mRNA in human cancer cell lines (V. Csernus and A.V.S., unpublished work). IGF-I and IGF-II are involved in the regulation of normal and malignant growth through endocrine, paracrine, or autocrine mechanisms (4, (11) (12) (13) (14) .
Telomerase is a ribonucleoprotein that functions as a specific DNA polymerase that is involved in the maintenance of telomeres, specialized structures at the ends of the eukaryotic chromosomes, by replacing the loss of telomeric DNA that occurs at each cell division (15) (16) (17) (18) . Telomerase maintains telomere length and chromosome stability, which are required for cellular immortality and subsequent malignant transformations (19) (20) (21) . A striking association exists between telomerase activity and malignancy: 85-90% of the primary human tumors express this activity, as compared with approximately 24% of benign tumors, whereas it is absent in most normal somatic tissues (22) (23) (24) . Three components of the telomerase ribonucleoprotein complex have been identified: the telomerase catalytic subunit (hTRT) (24) (25) (26) (27) , the telomerase RNA (hTR) (16) , and telomerase-associated protein (TP1) (28, 29) . Among them, hTRT is considered the rate-limiting determinant of the telomerase activity because a correlation was found between telomerase activity and hTRT mRNA, but not hTR and TP1 mRNA levels (25, 30) . In addition, the introduction of the hTRT gene in telomerase-negative normal human fibroblasts restores telomerase activity and extends their life span (20) . The mechanism for the reactivation of telomerase in tumor cells, which is a necessary event for the acquisition of cellular immortality, remains poorly understood, but an important role for the c-myc oncogene has been recognized (31, 32) .
In an attempt to investigate further the mechanism of antitumor action of MZ-5-156, we evaluated whether this analog affects the levels of telomerase activity in human U-87MG glioblastomas in vitro and in vivo. GH-RH antagonists such as MZ-5-156 are highly effective in inhibiting growth of U-87MG glioblastomas xenografted into nude mice through mechanisms that involve the down-regulation of IGF-II and K-ras genes (unpublished work). Telomerase activity is detectable in most primary human brain tumors and is associated with the progression of the disease (33) (34) (35) . In this study we investigated whether growth inhibition of U-87MG glioblastomas by the GH-RH antagonist MZ-5-156 is accompanied by a decrease in the levels of telomerase activity. ]hGH-RH [where PhAc is phenylacetyl, Phe(p-Cl) is parachlorophenylalanyl, Abu is ␣-aminoisobutyryl, Nle is norleucyl, Agm is agmatine, Dat is desaminotyrosine, and Orn is ornithine] were synthesized by solid-phase methods (10, 36) . GH-RH(1-29)NH 2 also was synthesized and characterized in our laboratory as described (10, 36) .
MATERIALS AND METHODS

Peptides
Animals. Five-to 6-week-old male athymic (Ncr nu͞nu) nude mice were obtained from the National Cancer Institute (Bethesda, MD), housed in sterile cages under laminar flow hoods in a temperature-controlled room with a 12-hr light͞ 12-hr dark schedule, and fed autoclaved chow and water ad libitum. Their care was in accord with institutional guidelines.
Cell Lines. The human glioblastoma cell line U-87MG, the SCLC cell line NCI-H-69, the non-SCLC cell line NCI-H-23, and the breast carcinoma cell line MDA-MB-468 were obtained from American Type Culture Collection. The medium for U-87MG was MEM with 1 mM pyruvate, the lung carcinoma cell lines were cultured in RPMI medium 1640 (GIBCO), and the medium for MDA-MB-468 was Eagle's improved MEM (IMEM), all supplemented with 2 mM Lglutamine, 100 units͞ml of penicillin G sodium, 100 g͞ml of streptomycin sulfate, 0.25 g͞ml of amphotericin B, and 10% fetal bovine serum. The cells were grown at 37°C in a humidified 95% air͞5% carbon dioxide atmosphere, passaged weekly, and routinely monitored for mycoplasma contamination by using a detection kit (Boehringer Mannheim). All culture media components were purchased from GIBCO except IMEM (Biofluids, Rockville, MD). Cells growing exponentially were harvested by a brief incubation with 0.25% trypsin-EDTA solution.
Experimental Protocol. U-87MG cells growing exponentially were implanted into one male nude mouse by s.c. injection of 1 ϫ 10 7 cells in the right flank. The tumor xenograft resulting after 1 week was aseptically dissected, mechanically minced, and 3-mm 3 pieces of tumor tissue were transplanted s.c. by trocar needle into six mice under methoxyflurane (Metofane, Pittman-Moore, Mundelein, IL) anesthesia. Three weeks after transplantation, when tumors reached a volume of approximately 75 mm 3 , mice were randomized and divided into two experimental groups of three animals each, which received the following treatments for 4 weeks: (i) injections of saline containing 0.1% dimethyl sulfoxide (control); and (ii) MZ-5-156 injected s.c. at a dose of 20 g͞animal per day.
Extract Preparation and Quantitation of Telomerase Activity. Telomerase activity was essentially assessed as described (22) -free PBS and homogenized in 50 l of ice-cold lysis buffer containing 10 mM Tris⅐HCl (pH 7.5), 1 mM MgCl 2 , 1 mM EGTA, 0.1 mM phenylmethylsulfonyl fluoride, 5 mM ␤-mercaptoethanol, 0.5% (3-[(3-cholamidopropyl)dimethylammonio]-1-propane-sulfonate), and 10% glycerol. The suspension was incubated on ice for 30 min and consequently centrifuged at 12,000 g for 30 min at 4°C. The supernatant was removed and quick-frozen, and the protein concentration was measured by the Bradford method (37) using a Bio-Rad protein assay kit. Subsequently, telomerase activity was assessed as follows: 1 g of protein or, alternatively, the equivalent of 10 3 cells was added to an Eppendorf tube containing 20 mM Tris⅐HCl (pH 8.3), 1.5 mM MgCl 2 , 50 mM KCl, 0.005% Tween-20, 1 mM EGTA, 0.1 g͞l BSA, 50 M deoxynucleoside triphosphates, 1 unit of Taq DNA polymerase (Perkin-Elmer), 50 ng TS primer (5Ј-AATCCGTCGAGCAGAGTT-3Ј), 50 ng of nontelomerase internal control primer (5Ј-GATGATGATA-AGTCTGTGA-3Ј), 10 Ϫ2 attomole (10
Ϫ18
) telomerase substrate-nontelomerase internal control (5Ј-AATCCGTCGAG-CAGAGTTTCACAGACTTATCATCATC-3Ј), and diluted with diethylpyrocarbonate-treated H 2 O to a final volume up to 25 l. The mixture was incubated at room temperature for 30 min, and the reaction was terminated with heating at 95°C for 5 min. Subsequently, PCR amplification of the telomerase products was performed with the supplementation of 50 ng of the CX primer (5-[CCCTTA] 3 CCCTAA-3Ј) at 95°C (hot start). The PCR program consisted of 26 cycles at 95°C for 30 sec, 52°C for 30 sec, and 72°C for 30 sec. The number of cycles was decided in preliminary experiments to remain within the dose-responsive phase of the PCR amplification and thus, quantitative results could be obtained. Five microliters of the PCR product were electrophoresed on a 10% polyacrylamide gel, stained with silver, and quantified densitometrically by using a scanning densitometer (model GS-700, Bio-Rad) coupled with the Bio-Rad personal computer analysis software. The telomerase activity for each specimen was expressed as the ratio of the total telomerase product versus the internal control. Each experiment was repeated at least twice. RNase pretreated (50 ng͞l, 15 min at 37°C) samples for each extract also were included in the analysis as negative controls for the specificity of the telomerase repeat amplification protocol (TRAP) assay. All chemicals were purchased from Sigma unless otherwise indicated.
RNA Extraction. Cells were washed with 1ϫ PBS and total RNA was isolated by using the RNAzol B reagent (Tel-Test, Friendswood, TX) following the manufacturer's instructions. The quantity and the quality of the RNA was assessed by spectrophotometry at 260 nm and 280 nm.
Reverse Transcription (RT). One microgram of total RNA was added in a test tube containing 10 mM Tris⅐HCl (pH 8.3), 50 mM KCl, 5 mM MgCl 2 , 1 mM of each deoxyribonucleoside triphosphate, 2.5 M random hexamers, 1 unit of RNase inhibitor, and double-distilled H 2 O in a final volume up to 19 l. After heating for 10 min at 65°C and quenching on ice, 2.5 units of Moloney murine leukemia virus reverse transcriptase (Perkin-Elmer) was added, and the reaction mixture was incubated for 10 min at room temperature after incubation at 42°C for 1 hr. The reaction was terminated by heating at 95°C for 5 min and quenching on ice.
PCR Amplification. One microliter of the cDNA was amplified in a 50-l solution containing 10 mM Tris⅐HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl 2 , 200 nM of each dNTP, 2.5 units of Taq, and 0.4 M of each primer. The primers used were 5Ј-TCCTCTGACTTCAACAGCGACACC-3Ј and 5Ј-TCT-CTCTTCCTCTTGTGCTCTTGG-3Ј for human glyceraldehyde-3-phosphate dehydrogenase (hGAPDH) (38) , 5Ј-CGG-AAGAGTGTCTGGAGCAA-3Ј and 5Ј-GGATGAAGCGG-AGTCTGGA-3Ј for hTRT (25) , 5Ј-TCAAGCCAAACCTG-AATCTGAG-3Ј and 5Ј-CCCCGAGTGAATCTTTCTACG-C-3Ј for TP1 (25) , 5Ј-TCTAACCCTAACTGAGAAGGGC-GTAG-3Ј and 5Ј-GTTTGCTCTAGAATGAACGGTGG-AAG-3Ј for hTR (25) , and 5Ј-CCAGCAGCGACTCTGAG-G-3Ј and 5Ј-CCAAGACGTTGTGTGTTC-3Ј for c-myc (39) . PCR consisted of one cycle at 95°C for 3 min, 62°C for 1 min, and 72°C for 1 min and subsequently 26 cycles of 95°C for 35 sec, 62°C for 40 sec, and 72°C for 40 sec by using a Stratagene Robocycler 40 system. The number of cycles was determined in preliminary experiments to be within the exponential range of PCR amplification. Five microliters of each PCR product was electrophoresed on an 8% polyacrylamide gel and visualized with silver staining. The intensity of the bands was analyzed as described for the assessment of telomerase activity, and the relative mRNA levels of each gene were normalized versus the corresponding levels of hGAPDH.
Statistical Analyses. The data are expressed as the mean Ϯ SEM. Statistical analyses of the data were performed with the use of Student's t test (two-tailed) and Duncan's multiple range test. Differences were considered statistically significant when P Ͻ 0.05. All P values listed were based on Student's t test.
RESULTS
The Effect of MZ-5-156 on the Levels of Telomerase Activity.
Telomerase activity in U-87MG glioblastomas xenografted into nude mice is shown in Table 1 . Electrophoretic analyses of PCR-amplified telomerase extension products are illustrated in Fig. 1 . Telomerase activity was assessed by using the TRAP assay and internal control (telomerase substratenontelomerase) for the estimation of the efficiency of the PCR was included in the analysis of each sample (see Materials and Methods). The results presented in Table 1 indicate that treatment of nude mice bearing xenografted U-87MG glioblastomas with the GH-RH antagonist MZ-5-156 significantly decreased telomerase activity after 4 weeks. The levels of telomerase activity, expressed in arbitrary units, were 5.1 Ϯ 0.8 in the treated group as compared with 7.5 Ϯ 0.3 in the control group (P Ͻ 0.05), which represents a decrease of 32% (Fig. 1,  Table 1 ). When U-87MG glioblastomas were treated in vitro for 4 hr with 3 M MZ-5-156, densitometric quantification of TRAP assay products showed that telomerase activity decreased by 52% (Fig. 2) . Incubation of H-69 SCLC, H-23 non-SCLC, and MDA-MB-468 breast carcinoma cells with 3 M MZ-5-156 for 4 hr produced 17%, 35%, and 45% inhibition, respectively.
Effects of GH-RH Agonists on the Levels of Telomerase Activity. Treatment of U-87MG glioblastomas, H-23 non-SCLC, and MDA-MB-468 breast carcinoma cells in vitro for 4 hr with 3 M GH-RH(1-29)NH 2 , or a more potent GH-RH agonist JI-38, did not produce an increase in the levels of telomerase activity (data not shown). This finding could be the result of telomerase activity being expressed at very high levels, and further stimulation could not be achieved. However, when U-87MG glioblastomas were pretreated in vitro for 1 hr with 3 M GH-RH agonist JI-38 before the incubation with equimolar concentration of MZ-5-156 for 4 hr, the inhibitory effect of the GH-RH antagonist on the telomerase activity was Telomerase activity was assessed by quantification of TRAP assay products after electrophoresis on a 10% polyacrylamide gel. Treatment with MZ-5-156 decreased telomerase activity to levels corresponding to 48% of the untreated cells whereas pretreatment with JI-38 restored telomerase activity to levels corresponding to 80% of the controls. Pretreatment with GH-RH(1-29) had no significant effect. Table 1 . Effect of the treatment with the GH-RH antagonist MZ-5-156 on the levels of telomerase activity and mRNA levels of hTRT, hTR, TP1, and c-myc genes in U-87MG glioblastomas xenografted into nude mice Telomerase activity was assessed by the TRAP assay and expressed as the ratio of the total telomerase product versus the internal control telomerase substrate-nontelomerase. mRNA levels of hTRT, hTR, TP1 and c-myc were assessed by RT-PCR and normalized versus hGAPDH. All values are expressed in arbitrary units. The % decrease in the treated group vs. the controls also is indicated. The results were obtained by using three tumors. *P Ͻ 0.05 vs. control.
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Medical Sciences: Kiaris and Schally Proc. Natl. Acad. Sci. USA 96 (1999) partially blocked (Fig. 2) . While the treatment of U-87MG glioblastomas with MZ-5-156 resulted in 52% inhibition of telomerase activity, the pretreatment of these cells with agonist JI-38 decreased the inhibition to 20%. When the same experiment was repeated by using GH-RH(1-29)NH 2 instead of agonist JI-38, the effect of MZ-5-156 was not blocked (Fig. 2) . Effects of MZ-5-156 on the mRNA Levels of the Genes Encoding for the Telomerase Subunits and the c-myc Protooncogene. The levels of mRNA for hTRT, hTR, and TP1, which encode for the telomerase catalytic subunit, the telomerase RNA, and the telomerase-associated protein, respectively, as well as the levels of mRNA for c-myc, which regulates telomerase, also were analyzed in U-87MG glioblastomas xenografted into nude mice and chronically treated with MZ-5-156 (Table 1, Fig. 3 ). Densitometric analysis of RT-PCR products revealed that the hTRT mRNA was significantly decreased by 54% in the treated group as compared with levels in the control group (P Ͻ 0.05). A slight, but insignificant, decrease also was found in the mRNA levels of TP1 and c-myc mRNA (12% and 18%, respectively) (Fig. 3, Table 1 ). MZ-5-156 had no effect on the mRNA levels of hTR. In vitro treatment of U-87MG cells with 3 M MZ-5-156 for 4 hr resulted in 21%, 5%, 11%, and 2% decreases in the levels of hTRT, TP1, hTR, and c-myc genes, respectively.
DISCUSSION
We previously have demonstrated that GH-RH antagonists, such as MZ-4-71 and MZ-5-156, inhibit growth of human prostatic and renal cancers, SCLC and non-SCLC, osteosarcomas, and other tumors (4) (5) (6) (7) (8) (9) . In the present study, we showed that human U-87MG glioblastomas xenografted into nude mice display lower levels of telomerase activity after in vivo treatment with the GH-RH antagonist MZ-5-156. A down-regulation of the hTRT gene, which encodes for the catalytic subunit of telomerase, also was found, whereas the levels of the telomerase RNA (hTR) and the mRNA for the telomerase-associated protein (TP1) remained essentially unaffected. Collectively, these findings suggest that the decrease in the levels of telomerase activity reported here can be attributed, at least partially, to the decreased mRNA levels of hTRT gene. This finding is in agreement with previous observations in normal and tumoral cells that established the hTRT gene as the limiting factor for telomerase activity (25, 30) . However, a regulatory role for TP1 and hTR at the posttranscriptional level is still possible (28, 29, 40) .
Chronic treatment of U-87MG glioblastomas with MZ-5-156 resulted in a significant tumor inhibition (unpublished work). It thus could be argued that the decrease in the levels of telomerase activity is a secondary consequence of tumor inhibition and not the result of a direct (causative) action of the GH-RH antagonist MZ-5-156. Although this possibility cannot be ruled out by the present study, the observation that a decrease in telomerase activity in U-87MG glioblastomas was found not only in vivo after a chronic treatment, but also in vitro after 4-hr exposure to MZ-5-156 argues in favor of the specificity of these findings. A decrease at the levels of telomerase activity after treatment with MZ-5-156 likewise was found in H-69 SCLC, H-23 non-SCLC, and MDA-MB-468 breast carcinoma cells cultured in vitro, suggesting that the involvement of telomerase in the mechanism of action of the GH-RH antagonists is not restricted to the U-87MG glioblastomas, but also occurs in other tumor types.
Treatment of U-87MG glioblastomas cultured in vitro, with GH-RH(1-29)NH 2 or the more potent GH-RH agonist JI-38 failed to further increase the levels of telomerase activity, perhaps because the endogenous levels of telomerase activity in U-87MG cells were very high and could not be further stimulated. However, pretreatment with agonist JI-38 partially inhibited the decrease in the levels of telomerase activity by MZ-5-156, providing further evidence for the specificity of the effects of the GH-RH antagonists on telomerase activity (Fig.  2) . The observation that agonist JI-38 failed to block completely the effect of the MZ-5-156 could be attributed to the fact that the affinity of the antagonist for the GH-RH binding sites was three times higher (10, 36) .
The inhibitory effect of GH-RH antagonists on tumor growth involves the suppression of IGF-I and͞or IGF-II levels or secretion (4) (5) (6) (7) (8) (9) . IGF-I and IGF-II may act as autocrine, paracrine, or endocrine growth factors in the development of various tumors. Among the effects of IGF-I at the subcellular level is the stimulation of the expression of the c-myc oncogene (41, 42) . Thus, we also investigated whether the decrease in the levels of telomerase activity produced by the GH-RH antagonist MZ-5-156 involves the reduction in the expression of c-myc protooncogene. RT-PCR revealed that MZ-5-156 did not decrease significantly the levels of c-myc mRNA in U-87MG glioblastomas, either in vivo or in vitro. Considering that c-myc regulates telomerase in some tissues, the present observations indicate that the repression of hTRT, and consequently of the telomerase activity by MZ-5-156, involves a c-myc-independent mechanism, at least in U-87MG glioblastomas. However, these findings should be interpreted with caution because the posttranscriptional regulation of c-myc is also possible, as suggested by Wang et al. (32) , who found that E6-induced alterations in Myc protein did not reflect changes in the abundance of the myc mRNA. In addition, the suppression of IGF-II by GH-RH antagonists, which is probably independent of the c-myc levels of expression, could be considered for the regulation of telomerase.
Telomerase is necessary for the continuous proliferation of the cancer cells and although a causative relationship between telomerase activity and neoplastic transformation has not been proven, the reactivation of telomerase appears to be an essential event in somatic cell immortalization. A decrease in the levels of telomerase activity would result in telomere instability and, after a certain number of cell divisions, in cell death. Although alternative mechanisms involving genetic recombination for the maintenance of telomeres in the cancer cells have been suggested (43) (44) (45) (46) , the inhibition of telomerase activity has been proposed as a target of cancer therapy (47) .
The effect of MZ-5-156 at the levels of telomerase activity in U-87MG glioblastomas was higher in vitro than in vivo. Several reasons may account for this difference. The effects of the chronic treatment in vivo may be the result of decrease in the expression of genes downstream of the GH-RH antagonists, including hTRT, whereas the reduction in telomerase activity after in vitro treatment of the U-87MG cells with MZ-5-156 may reflect a rapid response of these cells to the GH-RH antagonist. Under in vivo conditions, a selection process in favor of the GH-RH antagonist-resistant cells may occur and cells with higher telomerase activity may have a proliferative advantage in the presence of a GH-RH antagonist. The doses used for the in vivo and in vitro treatment of the U-87MG glioblastomas were also different, and thus the results obtained may not be comparable.
Surprisingly, the stronger effect of MZ-5-156 on the levels of telomerase activity in vitro was not accompanied by a greater inhibition of the hTRT gene expression, as compared with the results obtained in vivo: hTRT mRNA levels decreased by only 21% after in vitro treatment with MZ-5-156 as compared with the 54% decrease in vivo. We may postulate that although hTRT is important for the regulation of telomerase activity, additional mechanism(s) also may be implicated, particularly in cases that involve a rapid response to exogenous signals, such as the growth inhibition signal mediated by MZ-5-156 and that may bypass the regulatory role of hTRT, at least during an initial period of treatment.
The present evaluation of telomerase activity was based on the effects of the GH-RH antagonist MZ-5-156 on tumor cells, particularly the U-87MG glioblastomas. However, the present findings could have implications for other pathological and physiological conditions as well. Although we failed to observe an induction in the levels of telomerase activity in cancer cell lines after treatment with GH-RH or its agonistic analog JI-38, probably for aforementioned reasons, it is possible that under certain physiological conditions and developmental stages, GH-RH may induce the expression of hTRT and consequently telomerase activity in normal cells. It already has been shown that an ectopic expression of the c-myc protooncogene in normal human cells is capable of inducing telomerase activity and extending the life span of these cells in vitro (32) . Thus, the participation of telomerase in various processes controlled by GH-RH͞GH axis also could be considered.
In conclusion, we have demonstrated that the antitumor effects of the GH-RH antagonist MZ-5-156 in U-87MG glioblastomas and probably in other tumor models such as H-69 SCLC, H-23 non-SCLC, and MDA-MB-468 breast carcinoma are accompanied by a decrease at the levels of telomerase activity in vivo and in vitro. We also have shown that the decrease in telomerase activity was associated with a decrease in the expression of hTRT gene, which encodes for the telomerase catalytic subunit. Nevertheless, the regulatory pathways of telomerase are complex and our observations must be considered as preliminary. However, our work suggests the merit of further investigations with GH-RH antagonists aimed at restoration of cellular senescence and designing new strategies for cancer therapy involving telomerase inhibition. A possible link between GH-RH, GH, and telomerase activity also should attract some attention.
